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SUMMARY

The prevalence of human immunodeficiency virus (HIV) infection can be estimated by two distinct methods.
One method, back-calculation, is a complex statistical procedure that estimates the HIV epidemic curve.
The second method is based on data from population-based surveys, which provide estimates of the
proportion of persons infected with HIV within subgroups, and on the known or estimated population
totals for these subgroups. Estimates from these methods are subject to substantial uncertainty and bias,
both of which are difficult to quantify. We review recent use of these procedures to estimate HIV prevalence
in the United States of America. We also summarize new data on the uncertainty and the bias in
these estimates. Reliable estimates of HIV prevalence can be made only by synthesizing estimates
from several procedures and by a comprehensive evaluation of relevant data. Future estimates of
HIV prevalence will require modifications of these methods or the development of new methods.
( 1998 John Wiley & Sons, Ltd.

Statist. Med., 17, 127—142 (1998)

1. INTRODUCTION

The U.S. Public Health Service recently published new estimates of the prevalence of human
immunodeficiency virus (HIV) infection among U.S. residents.1 These estimates were obtained by
synthesizing the results from three different data sources and statistical estimation procedures.
One estimate was based on an HIV seroprevalence survey among childbearing women that
provided estimates of seroprevalence rates (the proportion of persons infected with HIV) among
women of childbearing age within specific demographic strata. The HIV prevalence among
women of childbearing age was estimated from these rates and U.S. census population data.
Another estimate used data from a national household survey of current health status and
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Table I. Estimates of HIV prevalence, by data source and sex, United States, 1992*

Data source Males Females Total

Back-calculations 525,000—750,000 120,000—160,000 650,000—900,000
SCBW 550,000—700,000 120,000—160,000 650,000—900,000
NHANES IIIt 300,000—725,000 60,000—250,000 400,000—900,000

Reproduced from Table 1, Journal of the American Medical Association, 276, 128 (1996).
* HIV indicates human immunodeficiency virus, SCBW the Survey in Childbearing Women, and NHANES III the Third
National Health and Nutrition Examination Survey. Estimates include persons already diagnosed as having the acquired
immunodeficiency syndrome. These estimates include 10,000 children. Estimates for males, females and total are round to
the nearest 25,000, the nearest 10,000, and the nearest 50,000, respectively. The totals may differ from the sums of estimates
for males and females due to rounding
s Based on analyses by sex and race/ethnicity
t Adjusted for persons not covered by the survey design, but not for possible higher HIV prevalence among persons less
likely to participate in the survey

statistical procedures which account for the complex multi-stage area probability sampling
procedure used in the survey.2 The third method, back-calculation, was developed to reconstruct
the history of the HIV epidemic.3

Each of these methods provides an estimate of HIV prevalence for a subpopulation of the
population of interest. Therefore, each estimate must be adjusted to include the portion of the
population not covered. In addition, the estimate from each method is subject to substantial
uncertainty and bias, both of which are difficult to quantify.

We summarize these estimation procedures in Sections 1—3. For each procedure, we evaluate
the uncertainty and the bias, including the adjustments needed to include the population not
covered. Section 4 summarizes the strengths and weaknesses of these methods, and Section
5 summarizes the problems that must be faced in order to make future estimates of HIV
prevalence. Detailed results and supporting data are in a technical report.4

The prevalence estimates, by estimation procedure and sex, and in Table I. Each estimate is
presented as a plausible range. As a result of the sources of uncertainty and adjustments for the
population not covered in each of the statistical estimation procedures, formal confidence
intervals were not computed for any of these estimates. Each plausible range is the range of one or
more formal 95 per cent confidence interval(s) obtained from the statistical procedure applied to
the population covered adjusted to include additional persons not covered by the procedure. The
adjustment was based on either a point estimate of the prevalence in the population not covered
or on an estimate of the proportion of all infected persons who were in the population covered.

2. SEROPREVALENCE SURVEY IN CHILDBEARING WOMEN

The Survey in Childbearing Women (SCBW) was an anonymous, unlinked serosurvey that
measured the prevalence of HIV infection among women giving birth to live infants in the United
States.5 Residual dried blood specimens collected from newborns for routine metabolic screening
were tested for HIV antibody by enzyme immunoassay and Western blot. Since a positive test can
result from the presence of maternal antibody, a positive test indicates that the mother was
infected. Before testing, personal identifiers except for mother’s age, race/ethnicity, and county of
residence were removed from the sample. In 1993, 44 states, the District of Columbia, and Puerto
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Rico participated in the SCBW; for simplicity, we refer to all of these as ‘states’. The survey was
conducted through the year except for some large states, where it was conducted for at least
3 months.

The SCBW was considered a population-based survey because nearly all infants born during
the survey period in each state were screened for metabolic disorders. Therefore, if the HIV
prevalence rates are the same among women who do and who do not give birth (after suitable
stratification by age, race/ethnicity, and location of residence), data from the SCBW can be used
to estimate the proportion of all women of childbearing age who are infected with HIV.

Let p
syk

and N
syk

be the proportion of infected women and number of women of childbearing
age, respectively, in state s during year y in demographic stratum k. Then the estimated number of
HIV-infected women of childbearing age in this state based on data from ½ years is
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We estimated prevalence by averaging annual prevalence estimates over 1991, 1992 and 1993
in order to obtain a more stable estimate. This procedure is most appropriate if prevalence
is not changing rapidly. We describe a procedure for obtaining a confidence interval for
(1) below.

2.1. Adjustments for populations not covered by the survey

The estimate in (1) could be extended to all adult and adolescent women if we knew the
proportion of infected women who are of childbearing age (assumed to be 15—44 years). Since this
proportion is unknown, we approximated it by the corresponding ratio among women recently
diagnosed with acquired immunodeficiency syndrome (AIDS). Similarly, we estimated the num-
ber of infected adult and adolescent men by multiplying the estimated number of infected women
by the male-to-female AIDS incidence ratio among persons recently diagnosed with AIDS. We
used this ratio as a heuristic approximation to the corresponding HIV prevalence ratio, with no
implication that it describes a causal relation.

Other data (described below) show that birth rates among HIV-infected women decline
dramatically after they are diagnosed with an AIDS-defining opportunistic illness (AIDS-OI). As
a result, estimates based on the SCBW do not include most infected persons already diagnosed
with an AIDS-OI. Therefore, we estimated sex-specific HIV prevalence by adding to these
estimates sex-specific estimates of the prevalence of HIV-infected persons already diagnosed with
an AIDS-OI. We obtained these latter estimates from AIDS surveillance data.

2.2. Evaluation of bias

The most important potential source of bias in HIV prevalence estimates based on data from the
SCBW is an association between HIV infection and the probability that a woman of childbearing
age gives birth. Let f be the birth rate among HIV-uninfected women divided by the birth rate
among HIV-infected women. If f(1, then uninfected women were underrepresented in the
SCBW, so use of the SCBW data would tend to yield a prevalence estimate that is too large. The
converse would be true if f'1.

In fact, the relative bias resulting from such an association can be quantified. For a particular
time period and demographic stratum, let p and p

B
be the proportion of HIV-infected women
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among all women and among women giving birth, respectively. Then it can be shown that

p"( f#p(1!f ))p
B

and hence
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Since p
B

is almost always less than 0·05, pGfp
B
. Note that the approximation is especially good if

the ratio of birth rates f is approximately 1, and that the leading term in the relative error shows
that p is closer to p

B
than the approximation pGfp

B
suggests.

Data on birth rates among HIV-infected women are available from cohort and surveillance
studies. To compare these rates with birth rates among all women of the same race/ethnicity and
age group in the same geographic area, we computed directly standardized rates, using as the
standard the population distribution of all women among the geographic areas included in
a particular study. In each study we considered the adjusted birth rates among HIV-infected
women ages 25 to 44 years without AIDS-OIs are similar to birth rates among all women in that
geographic area of the same race/ethnicity and age group.4 Birth rates tend to be somewhat
higher among HIV-infected non-Hispanic black women ages 15 to 24 years than among all black
women of that age. However, most infected women are older than 24 years; the proportion
infected among women ages 15 to 24 years who are infected in substantially smaller than the
corresponding proportion among women ages 25 to 44 years,6 and during 1991—1993, the median
age at which adult and adolescent women were diagnosed with AIDS-OIs was 35 years (CDC,
unpublished data). Thus, an association between birth rates and HIV infection among women
without an AIDS-OIs is unlikely to be a serious source of bias in estimates derived from the
SCBW. Because birth rates may be lower among infected than among uninfected women ages
25—44 years,4 we cannot determine whether our estimation procedure is more likely to underesti-
mate or overestimate prevalence.

In contrast, birth rates are much lower among HIV-infected women who have developed an
AIDS-OI than among infected women who have not yet developed an AIDS-OI. In one large
study, the pregnancy rate among women with an AIDS-OI was 60 per cent lower than among
HIV-infected women without an AIDS-OI (95 per cent confidence interval, 40—80 per cent lower),
after adjustment for prognostic factors.7 Because extensive data on birth rates among women
with AIDS-OIs are not available, we did not attempt to estimate the extent to which these women
were represented in the SCBW. Instead, we added an estimate of the prevalence of HIV-infected
women with an AIDS-OI already diagnosed to the estimate obtained from the SCBW. To
estimate this prevalence, we used time-specific estimates of the number of AIDS-OI diagnoses8
and the estimated distribution of survival time after AIDS-OI diagnosis, both based on data from
AIDS surveillance.

The other major possible source of bias is the use of AIDS incidence ratios to approximate HIV
prevalence ratios. Because the HIV epidemic has different characteristics in different geographic
regions, we estimated these ratios for each of five broad regions defined by the U.S. census. We
could not stratify on risk group (no risk information is available in the SCBW) nor on age or race
(the corresponding data are not available for many states4). We used regions instead of individual
states in order to obtain stable ratios. Within each region, approximately 80—85 per cent of AIDS
cases among adult and adolescent women are diagnosed in women at ages 15 to 44 years, and
there has been little change in this proportion during the last 5 years.4 Therefore, using this ratio
to approximate the corresponding HIV prevalence ratio is unlikely to yield a substantial bias in
the HIV prevalence estimate for women. The male-to-female AIDS incidence ratio ranges from
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approximately 3 in the Northeast to more than 10 in the West. Within each region except Puerto
Rico and the U.S. territories, this ratio has been declining over time. Therefore, using this ratio to
approximate the male-to-female HIV prevalence ratio may overestimate the number of infected
men and may cause substantial bias in the estimated HIV prevalence among men. However, the
plausible range of 550,000—700,000 infected men obtained from this procedure is very similar to
the plausible range of 525,000—750,000 obtained from back-calculation (Table I).

Erroneous HIV test results would also cause bias in our estimates. Because the proportion of
HIV-infected childbearing women is small (approximately 1·5 per 1000), false-positive test result
could result in overestimating HIV prevalence among women. Both the sensitivity and specificity
are greater than 0·998 for the enzyme immunoassay and both are 0·996 for the Western blot,9 the
two steps in the HIV test procedure. As a result, the proportions of all positive tests that are
false-positives are likely to be less than 8 per 1000 in most states, and less than 2 per 1000 in the
status with the highest HIV prevalence rates.4 Therefore, test errors are unlikely to be an
important source of bias in our estimates.

2.3. Estimation of uncertainty

It would be very difficult to estimate the uncertainty in the prevalence estimates caused by the
adjustments discussed in the previous section. As a result, our plausible range for HIV prevalence
estimated from the SCBW includes only the uncertainty in the estimate obtained from equation
(1). We estimated the variance » of the estimate from (1) under the assumption that the number of
positive tests in the strata defined by year and the demographic factors have independent Poisson
distributions. Assuming that the number of positive tests has a binomial or a hypergeometric
distribution would give a variance estimate that is only slightly smaller because the birth rates
and prevalence rates are generally less than 15 per cent and 5 per cent, respectively.

The upper limit of the resulting plausible range is likely to be too small because the estimated
variance » does not include the uncertainty in strata with no observed infected women. We
calculated an upper bound º for the point estimate by replacing the seroprevalence p

syk
in each

stratum in equation (1) that had no observed infected women with the observed proportion of
infected women among all women of the same race/ethnicity in the same state during the ½ years
used to estimate prevalence. If data on race/ethnicity were not provided, p

syk
in such a stratum

was replaced by the observed proportion infected among all women in the same state during that
period. Stratification on race/ethnicity but not age was used in this imputation procedure because
relatively few states provided data by age and because, for those states that provided information
on age, use of data by race/ethnicity had a much greater effect on prevalence estimates than did
use of data by age.4

Because the estimate P from (1) is a sum of bounded random variables, the distribution of P is
approximately Gaussian. Therefore we computed a plausible range for seroprevalence in each
region as

P!1·96J» to º#1·96J».

This is a 95 per cent confidence interval for the point estimate P from (1), with the upper bound
shifted upward by º!P.

We used data from several states, each of which had detailed demographic data and substantial
numbers of positive tests, and two procedures to evaluate the effect of estimating the variance
» under the independent Poisson assumption described above. First, we fit Poisson regression
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models with a dispersion parameter10 to annual data by race for selected states. These models
assume that the variance for the number of HIV-infected mothers in each stratum in each year is
a constant a times the expected number in that stratum in that year. Therefore, if a is estimated to
be 2·0, the true standard error is about 40 per cent larger than that obtained from the Poisson
assumption; if a is estimated to be 0·5, the standard error is about 30 per cent less. These analyses
did not give a consistent pattern of estimates for a, but states with relatively large prevalence rates
were more likely to show underdispersion than overdispersion.

Second, we estimated the variance based on a permutation distribution for the prevalence rate
within each demographic stratum. This is consistent with our assumption that there was no time
trend within each stratum. For many states, data are available by month of delivery, but New
York State is the only state with high prevalence rates with data for 12 months per year. We
applied the permutation distribution to monthly rates and calculated the variance that would be
obtained if we used the observed numbers of births during each month to compute annual
prevalence rates for each stratum. For a particular stratum and year, let P be the prevalence, let
N be the population total, let n

m
be the number tested in month m, and let n

T
be the total number

tested that year. Let p be the random variable indicating a monthly prevalence rate during the
time period corresponding to the permutation distribution. Then

var(P)"N2

12
+

m/1

n2
m

n2
T

(E[p2]!E[p]2)

where the expectations are taken over the permutation distribution and hence are averages.
Within each race/ethnicity group in New York State, the estimated standard deviation estimated
from the permutation distribution was 35—39 per cent smaller than that based on the independent
Poisson assumption.

Data that are counts often display overdispersion.10 Estimates of seroprevalence rates would
tend to show underdispersion if a substantial proportion of the women tested in some states
represent multiple births by the same women in different years. If estimates of HIV prevalence are
made in the future from a survey like the SCBW and the assumption of no trend in prevalence
appears valid, the variance of the estimate should be estimated from the permutation distribution,
rather than based on a Poisson assumption.

3. NATIONAL HOUSEHOLD SURVEY

The third National Health and Nutrition Examination Survey (NHANES III) evaluated the
health and nutritional status of the U.S. household population during 1988—1994. A representa-
tive sample of this population was selected using a complex multi-stage area probability sampling
procedure. The survey was conducted in 81 randomly selected locations throughtout the United
States (all 50 states plus the District of Columbia, hereafter referred to as ‘the states’). Of the
39,695 persons ages 2 months and older who were selected for the survey, 31,311 (79 per cent)
agreed to the examination component of the survey. An anonymous HIV test was performed on
serum samples from persons ages 18 years and older.

Data from this survey were used to obtain a direct estimate of HIV prevalence among persons
ages 18—59 years living in households.2 Person older than 59 years were eliminated from the
analysis because of higher non-response to the examination component resulting from illnesses
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that were probably unrelated to HIV infection. The 95 per cent confidence intervals for HIV
prevalence obtained directly from NHANES III are 290,000—733,000 for all persons,
250,000—601,000 for males, and 41,000—213,000 for females. The corresponding point estimates
are 461,000, 368,000, and 94,000, respectively.2

3.1 Adjustments for populations not covered by the survey

The HIV prevalence estimate from NHANES III does not include persons outside the age range
of 18 to 59 years, person living outside the 50 states and the District of Columbia (for example,
residents of Puerto Rico), and persons not living in households (including persons who are
homeless, in prison, or hospitalized). Therefore, to estimate HIV seroprevalence among all U.S.
adults and adolescents, it is necessary to add estimates of HIV seroprevalence among these
groups. In addition, it is necessary to estimate the effect of the probable underrepresentation in
the survey of three other groups: white men, older black men (ages 40—59 years), and persons
previously diagnosed with AIDS-OIs.

We can easily extend the seroprevalence estimates to the first two excluded groups. To account
for those not ages 18 to 59, we divided the NHANES III seroprevalence estimate by a proportion
computed from AIDS surveillance data, the proportion of the AIDS cases diagnosed at ages older
than 12 years that were diagnosed in residents of the 50 states and the District of Columbia at
ages 18 to 59 years. This proportion was approximately 0·97 among both men and women during
each year, 1992—1994.4 To account for residents of Puerto Rico and U.S. territories, we added the
HIV prevalence estimates for that region obtained from the SCBW and census data.

Estimating HIV prevalence among persons not living in households is more difficult. Data are
available on the number of state and federal prisoners known to be infected with HIV. In
addition, the number of prisoners is known, and serosurveys have been conducted in some prison
systems. These data suggest that approximately 25,000 persons in state and federal prisons are
infected with HIV4. We did not have data to estimate HIV prevalence among other incarcerated
persons.

Hospitalized persons are included in the sampling frame for NHANES, in that they are eligible
to participate if their dwelling unit is sampled. Individuals who reside in households but who were
hospitalized at the time of the survey would have been counted as non-respondents. The sample
weights correct for non-response but assume that respondents are similar to non-respondents.
This assumption is not correct for hospitalized persons because these persons are more likely to
be infected with HIV than the general population. Based on estimates of the number of
HIV-infected persons hospitalized during 1991, the number of persons discharged from hospital
with a diagnosis of HIV, and the average length of hospital stays, we estimated that fewer than
10,000 HIV-infected persons were hospitalized on any given day in 1991.4 Therefore, failing to
include hospitalized persons is likely to have had relatively little effect on the prevalence estimate
obtained from NHANES III.

NHANES III provided partial coverage of homeless persons. For example, shelters for
homeless persons could be sampled, but residents were eligible for the survey only if they regarded
the shelter as their permanent address. Therefore, HIV prevalence among homeless persons must
be estimated from other data sources. Based on results from the 1990 Decennial U.S. Census11
and on results from a random digit dialling telephone survey conducted in 1990 of 1507 adults
ages 18 years or older who were asked about homelessness during the past 5 years,12 it is plausible
that approximately 460,000 to 1,000,000 persons are homeless in the United States on any given
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day. Comparing results from an HIV seroprevalence survey conducted in clinics for homeless
persons in 14 cities with results from seroprevalence surveys in sexually transmitted disease clinics
in the same cities13 suggests that 4—6 per cent of homeless adults and adolescents are infected with
HIV. Based on this information, we estimated that 20,000 to 60,000 homeless persons are living
with HIV infection.

3.2 Effect of lower participation among groups with a relatively high probability of infection

Because the proportion of the population infected with HIV is relatively small, non-response can
have a substantial effect on the HIV prevalence estimate obtained from a survey if those who do
not participate are substantially more likely to be infected with HIV than those who do
participate. Serum samples were obtained from 66 per cent of the men and 73 per cent of the
women ages 18 to 59 years selected for NHANES III. Participation rates (as defined by obtaining
serum for analysis) were lower among white men ages 18 to 39 years (65 per cent) and ages 40—59
years (66 per cent) and among black men ages 40 to 59 years (64 per cent), than among other
subgroups defined by sex, race/ethnicity, and age group. Furthermore, male non-respondents in
NHANES III differed from respondents in some important demographic characteristics, includ-
ing the proportion living in single family households. In contrast, female respondents and
non-respondents had very similar demographic characteristics.

Results from a household survey designed to estimate HIV prevalence show that non-respon-
dents may be substantially more likely to have a history of behaviour associated with risk for HIV
infection than respondents. This survey was conducted in Dallas, Texas, in 1989.14 A random
sample of 184 persons who initially declined to participate were asked to participate in a special
follow-up study after the survey was completed. Data on risk behaviour were obtained from
somewhat more than half of these persons. A history of injecting drug use since 1978 was reported
by 7·0 per cent of the initial non-respondents, compared with 3·1 per cent of those who
participated in the survey (among men, 12·2 per cent and 2·8 per cent, respectively). Among men,
the proportions reporting a history of a male-to-male sex since 1978 were 16·8 per cent and 5·1 per
cent, respectively.

Brookmeyer and Gail15 point out that such information can be used to estimate the potential
bias in the prevalence estimate obtained from a survey. Let f be the proportion of non-responders,
let n

1
be the prevalence rate among the responders, and let o be the relative risk of infection

among non-responders compared with responders. Then the prevalence rate in the population is

n"(1!f )n
1
#fn

1
o.

We assumed that o does not vary among male racial/ethnic groups.
It is possible that the relative risk o is smaller among persons surveyed in NHANES III than in

the Dallas study. Because the Dallas study was specifically an HIV seroprevalence survey rather
than a general health survey, infected men might have been more likely to refuse to participate in
that study than in NHANES III. Although data from the Dallas survey do not yield a direct
estimate of o, these behavioural data suggest that this relative risk was at least 3 among men.
Assuming that this relative risk was 1·5 and 2·5 in NHANES III increases the point estimate of
HIV prevalence among men by 63,000 and 190,000 persons, respectively. Thus the estimate is
quite sensitive to the value of this relative risk.

Refusal or inability to participate by persons with advanced HIV disease would also cause
a serious bias in the HIV prevalence estimate obtained from NHANES III. Persons with serious
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illnesses are less likely to participate in NHANES than are healthy persons.16 Of the 29
HIV-infected persons who participated in the first half of NHANES III, three reported taking
zidovudine (CDC, unpublished data), so some persons being treated for HIV disease did
participate. At the end of 1991, approximately 95,000 living HIV-infected persons had been
diagnosed with AIDS-OIs.17

We conclude that lower participation among person with relatively high probability of HIV
infection could have reduced the HIV prevalence estimate obtained from NHANES III by
100,000 to 200,000 persons, mostly men. The plausible range obtained from NHANES III for
HIV prevalence among men is 300,000 to 750,000, after adjustment for those not covered by the
survey (Table I). Adjustment for the bias associated with lower participation suggests a more
likely range of 400,000 to 950,000 infected men, which includes the ranges obtained from
back-calculation (525,000 to 750,000) and from the SCBW (550,000 to 700,000).

4. BACK-CALCULATION

Back-calculation can be used to estimate the number of HIV-infected persons, and the distribu-
tion of times at which they became infected, required to account for observed AIDS diagnoses.18
Let a(t) be the number of AIDS cases diagnosed at time t (obtained from AIDS surveillance). Let
f (t) be the probability density function of the time from HIV infection to AIDS diagnosis (the
incubation period distribution, estimated from cohort studies of HIV-infected persons). Choose
t"0 to be an estimated date for the start of the HIV epidemic (for example, January 1977). Let
i(t) be the (unknown) number of persons who were infected at time t. Back-calculation is
a statistical procedure for finding an estimate of i (t) to solve the integral equation

a(t)"P
t

0

f (t!s)i (s) ds.

Note that the estimate of i (t) does not include infected persons who are never reported as having
AIDS, either because their AIDS diagnosis is never reported or because they die before AIDS is
diagnosed. Therefore we estimate HIV prevalence at time t as

H(t)"(I (t)!D(t))/R

where I (t) is the cumulative number of infections at time t (obtained from the estimate of i(t)), D (t)
is the cumulative number of deaths among person reported with AIDS (obtained from AIDS
surveillance), and R is an estimate of the proportion of HIV-infected persons who will eventually
be reported to AIDS surveillance. Note that we assume that R has not changed over time.

Because it is the only method that can be used to reconstruct the history of the HIV epidemic,
statisticians have investigated back-calculation very thoroughly. Bacchetti et al.3 provide an
excellent summary of issues related to back-calculation. We summarize below the important
issues concerning use of back-calculation with AIDS surveillance data.

4.1 AIDS surveillance data

Before AIDS incidence data can be used in back-calculation or cumulative deaths can be used in
estimating prevalence, AIDS incidence and deaths must be adjusted for reporting delays. Several
adjustment techniques have been proposed.19~22 These methods tend to give similar results. It
may be desirable to remove seasonal effects in AIDS diagnosis dates.23
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Because the HIV epidemic in the United States is heterogeneous and prevalence estimates are
desired for subgroups, back-calculation is usually carried out on data from subgroups defined by
demographic and behavioural risk factors. If estimates are made by mode of HIV transmission, it
is necessary to consider how to treat cases with no identified risk (NIR). We apportion these cases
among the known modes of transmission by using proportions estimated from cases originally
reported as NIR for which a risk was determined after further investigation. The greatest effect of
this procedure is on AIDS incidence among persons infected with HIV through heterosexual
contact,24 the mode of transmission which has shown in the greatest proportional increase in
AIDS-OI incidence.25

4.2 Choice of AIDS surveillance data

All 50 states, the District of Columbia, Puerto Rico, and the U.S. territories report AIDS cases to
CDC using a uniform surveillance definition. Before 1993, the surveillance definition was based
only on AIDS-OIs.26 In January 1993, the definition for adults and adolescents was expanded to
include HIV-infected persons with CD4# T-lymphocyte counts of less than 200 cells/ll, a
CD4# percentage of less than 14, or one of three additional AIDS-OIs.27 A large proportion of
AIDS cases diagnosed after 1992 were reported based on the CD4# criteria.28 Later diagnoses of
AIDS-OIs are not reported for most persons reported to AIDS surveillance under the CD4#
criteria.

As a result, in the back-calculation analyses we used only those AIDS cases for which an
AIDS-OI diagnosis made before 1993 was known. The available estimates of the incubation
period distribution are based on the time from HIV infection to AIDS-OI diagnosis. To use all
AIDS cases in the back-calculation analysis, we would have to estimate this distribution for the
time to AIDS diagnosis under the 1993 definition. It would be very difficult to make such an
estimate because HIV and CD4# testing practices have changed over time and also vary among
geographic regions.

Periods when recent AIDS incidence has been affected by changes in the surveillance definition
should not be used because HIV incidence estimates can be sensitive to changes in the pattern of
recent AIDS incidence. For example, Hay and Wolk29 present estimates of cumulative HIV
incidence from back-calculation using AIDS cases diagnosed through two different dates,
September 1987 and June 1990 (their Figures 1 and 2). The point estimates of the cumulative
number of infections agree very well through 1984. The point estimates based on the short sample
continue to increase linearly after 1984, implying constant HIV incidence. In contrast, the point
estimates based on the long sample have a sharp decrease in slope at approximately the start of
1985, implying a substantial decrease in HIV incidence at that time. Rosenberg and Gail30
obtained similar results. These results demonstrate the inability of back-calculation to detect the
decrease in HIV incidence using a period before the change in HIV incidence was reflected in
AIDS incidence.

4.3 Infection time distribution

Because estimates of recent HIV incidence obtained from back-calculation are imprecise, the
parametrization of the HIV infection time distribution can substantially affect the resulting HIV
prevalence estimates. Most current back-calculation analyses use step functions as a flexible
parametric model for the infection time distribution.3,18,29,31 Some analyses use a distribution
with short (1—3 month) steps and a penalized maximum likelihood estimation procedure to
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obtain a smooth infection time distribution.3 These analyses attempt to estimate the recent trend
in HIV incidence, but the estimates are sensitive to the pattern of recent AIDS-OI incidence, as
discussed above. Rosenberg and his colleagues used fewer steps, typically 5, with the last step
covering approximately 5 years. These choices, which are based on the mean squared error from
simulation studies,32 result in estimates of recent HIV incidence that are less sensitive to other
assumptions in the back-calculation model. Such a model only attempts to estimate the average
number of infections per year for the last 5 years, thus providing no information about trends in
HIV incidence during this period.

4.4 Choice of the incubation period distribution

The incubation period distribution has been estimated from a number of cohorts. In general,
these analyses found that the median time from HIV infection to AIDS-OI diagnosis is 8 to 10
years and that only 3—10 per cent of HIV-infected persons develop an AIDS-OI within 3 years
after infection. The incubation period is affected by age, with longer incubation periods among
younger persons (see endnote 8 of reference 31 for citations). The incubation period is longer
among persons with haemophilia than among other infected persons.33

The use of prophylactic therapy, which can lengthen the incubation period, makes our
knowledge of the incubation period distribution in the population less certain. It is only possible
to estimate this distribution among untreated persons for approximately the first 7 years after
infection. Prophylactic therapy can reduce the hazard for AIDS-OI diagnosis among infected
persons with a CD4# count less than 200 cells/ll by upto 65 per cent,34 but the therapeutic effect
is attenuated within approximately 1 year for therapies available during the early 1990s.35 There
are no reliable national data on the proportion of HIV-infected persons who used therapy before
AIDS-OI diagnosis in the early 1990s.

Uncertainty in the incubation period distribution is especially important because HIV inci-
dence estimates obtained from back-calculation, and hence prevalence estimates, can be quite
sensitive to the choice of this distribution. For example, Bacchetti et al.3 used four different
incubation period distributions to estimate HIV incidence through 1990, based on AIDS cases
diagnosed through 1990. The estimates of HIV incidence vary substantially, especially the
estimates for 1987—1990 (see their Figure 1). Two analyses estimated that there were more than
100,000 new infections per year in the United States during 1989 and 1990, while the other two
estimated that fewer than 15,000 new infections occurred per year during that period. These
results demonstrate not only the sensitivity of back-calculation estimates to the incubation period
distribution, but also the importance of verifying that back-calculation estimates are consistent
with data from seroprevalence studies. CDC’s national seroprevalence studies generally show
roughly constant seroprevalence rates from 1990 to 1993.36~38 Because there were approximately
35,000 to 45,000 deaths per year during that period among persons with AIDS diagnosed, HIV
incidence of approximately 15,000 or 100,000 persons per year is not consistent with constant
prevalence.

4.5 Adjustments for incomplete reporting

Evaluations of the AIDS surveillance system suggested that approximately 90 per cent of AIDS
cases diagnosed during 1987—1989 were reported to CDC.39,40 Similar estimates for cases
diagnosed during 1990—1992 are not available. It is likely that reporting of AIDS cases was less
complete earlier during the 1980s, because the surveillance system was not as well developed.
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It is difficult to estimate the proportion of HIV-infected persons who die before being
diagnosed with AIDS-OIs, but data are available on persons in medical care for HIV-infection.
Using a competing risks procedure, we estimated that approximately 5 per cent of men who have
sex with men (MSWM) and 8 per cent of injecting drug users (IDUs) who are receiving medical
care for HIV-infection and have a CD4# count less than 200 cell/ll will die before developing an
AIDS-OI.8 The risk for death before AIDS-OI diagnosis among all IDUs is greater than 8 per
cent, as IDUs have a high risk for death before AIDS-OI diagnosis.41

An alternative estimate of the proportion of HIV-infected persons whose deaths are reported to
AIDS surveillance is based on modelling trends in death rates for deaths due to causes associated
with HIV infection. These analyses suggest that, among HIV-infected persons 25—44 years of age,
70—90 per cent of deaths during 1987 among men42 and at least 70 per cent of deaths during 1988
among women43 were reported to AIDS surveillance. Thus, there is substantial uncertainty in the
proportion R in equation (3), a proportion which has undoubtedly changed over time. This
increases our uncertainty in the HIV prevalence estimates based on back-calculation.

5. DISCUSSION

In theory, the best way to estimate the prevalence of HIV infection in the United States would be
a national survey designed for this purpose. However, a pilot study conducted in Dallas, Texas,
demonstrated that HIV prevalence could not be estimated from such a national household survey
as a result of non-response bias.14

As a result, HIV prevalence can only be estimated from data collected for other purposes. We
have summarized the use of three distinct types of data and estimation procedures. Each
procedure yields an estimate that must be adjusted to include the estimated prevalence of HIV
infection in persons not included in the population to which the estimate applies. Although each
method has particular advantages, no individual method can provide an accurate or precise
estimate of HIV prevalence.

NHANES III included a representative sample of all adult U.S. household residents from all 50
states and the District of Columbia. However, because the primary purpose of this survey was to
estimate the prevalence of conditions substantially more common than that of HIV infection, the
estimates of HIV prevalence are relatively imprecise. In addition, in accordance with the
confidentiality agreement for this survey, information on risk behaviour leading to HIV infection
was not collected, so prevalence cannot be estimated within risk groups. There are three potential
sources of substantial bias in this survey. One source is persons not covered by the sampling
frame, especially prisoners and some homeless persons. A second source is persons with advanced
HIV-related disease whose poor health or hospitalization would result in refusal to participate.
Because it is possible to estimate the numbers of HIV-infected person in these two groups, they
may be less important sources of bias than the third source, persons who refused to participate for
other reasons. Data suggest that there could be substantial bias resulting from the refusal of men
to participate. The particular strength of NHANES III, in addition to providing the only data on
HIV infection in a representative sample of the U.S. population, is that key data on non-response
were collected in the survey. This survey is the only data source that can be used to estimate HIV
prevalence in which some of the data needed to adjust for bias were collected.

An alternative method for estimating HIV prevalence from HIV testing data would be to use
data on HIV prevalence rates within demographic or behavioural risk groups and estimates of
the numbers of persons in these groups. It is not feasible to do this for behavioural risk groups
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because it is not possible to make precise estimates of the sizes of the most important groups
(MSWM, IDUs, and persons at risk for infection through heterosexual contact). There is also
substantial variation in prevalence rates among geographic areas.38 Finally, the prevalence rates
observed in specific HIV testing settings may not be representative of all persons in that risk
group (for example, MSWM tested at public sexually transmitted disease clinics need not be
representative of all MSWM).

The best seroprevalence data for estimating HIV prevalence are those from the SCBW.
These data, along with corresponding population counts, yield an estimate of HIV prevalence
among women of childbearing age. We extended this estimate to all adult and adolescent women
by using data from AIDS surveillance to estimate the proportion of all infected adult and
adolescent women who are of childbearing age. The resulting estimate will be biased unless HIV
prevalence rates are the same (within demographic strata defined by geographic location,
race/ethnicity, and age) among women of childbearing age who do and do not give birth. Data
from several studies show that this equality is roughly true, except that birth rates are lower
among HIV-infected women who have developed an AIDS-OI. We corrected this bias by adding
the estimated prevalence of HIV-infected women with a diagnosed AIDS-OI to the original
estimate.

The prevalence estimate from the SCBW is the only such estimate based on a population-based
survey in which many HIV-infected persons are detected. However, it is difficult to estimate the
uncertainty in this prevalence estimate because we do not know the relative HIV prevalences
among women who do and do not give birth (or equivalently, the relative fertility rates in women
who are and are not infected with HIV). Data from the SCBW cannot be used to obtain
prevalence estimates by risk and by race/ethnicity because data on behavioural risk are not
collected, and data on race/ethnicity are not available from all states. Finally, data from the
SCBW do not yield an estimate for HIV prevalence among men. To make such an estimate, we
used an ad hoc procedure to estimate the male-to-female HIV prevalence ratio by the correspond-
ing ratio among recently diagnosed AIDS cases.

Back-calculation is an attractive method for estimating HIV prevalence because it is
based on knowledge of the HIV disease process and on a very large number of diagnosed
AIDS cases. As a result of the latter, HIV prevalence estimates can be made within groups
defined by demographic and behavioural risk characteristics. However, prevalence estimates
obtained from back-calculation must be evaluated carefully. These estimates are sensitive
to the incubation period distribution used in the model. Because back-calculation uses a
sophisticated statistical estimation procedure, the estimates may also be sensitive to whether
a number of other underlying assumptions are satisfied. Prevalence estimates derived from
back-calculation depend on estimates of recent HIV incidence and the proportion of HIV-
infected persons who are never reported as AIDS cases, neither of which can be estimated
precisely.

Each of these methods for estimating HIV prevalence has distinct strengths and weaknesses. In
particular, for each method, substantial adjustments to an estimate based on a well-defined
statistical procedure must be made in order to include HIV-infected persons in populations not
covered by the data source on which the estimate is based. For each method, we can estimate the
variance of the prevalence estimate derived from the statistical model under the assumptions on
which the model is based. However, it is difficult to evaluate the validity of these assumptions for
estimates based on the SCBW and on back-calculation. The need to estimate HIV prevalence in
the population not covered by the data on which the model is based adds further uncertainty.
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Thus, there is substantial uncertainty associated with the HIV prevalence estimate obtained from
each of these methods, and this uncertainty cannot be greatly reduced by more sophisticated
statistical models or better data.

6. PROSPECTS FOR THE FUTURE

Modifications of the methods we have used, or the development of new methods, will likely be
required to make future estimates of HIV prevalence. It should be possible to use data from the
next NHANES, which is currently scheduled to begin in 1998 and is expected to test participants
for HIV infection. However, it is likely that our methods for estimating prevalence from SCBW
data and from back-calculation would have to be modified.

The SCBW was suspended in May 1995 in order to evaluate how HIV testing should be
conducted in order to help prevent HIV transmission from infected mothers to their infants. The
Survey may be resumed in selected areas. If it is resumed, there will be other challenges in using
these data to estimate HIV prevalence, in addition to the reduced geographic coverage. The
prevalence rate decreased among childbearing women in New York City from 1989 to 1994.44 It
is not known what caused this decrease; possible explanations are mortality, an increase in the
proportion of HIV-infected women who have advanced disease (an AIDS-OI), and a change in
the proportion of infected women who become pregnant or terminate a pregnancy. However,
with a maturing epidemic, similar trends are likely to be seen elsewhere and would need
to be incorporated into the estimation procedure. In addition, the proportion of HIV-
infected women of childbearing age who know that they are infected (before or during pregnancy)
is likely to increase. There already is widespread use of medical therapy that reduces the
probability that an infected woman will transmit her infection to her baby. Both of these
factors may affect an HIV-infected woman’s decision to become pregnant, or, if pregnant, to
terminate the pregnancy. Such a decision affects the relative birth rate among uninfected women
compared to that among infected women and hence also affects the bias in the estimate derived
from SCBW data.

As a result of the change in the AIDS surveillance definition in 1993, the current surveillance
definition is inconsistent with available estimates of the incubation period distribution. It is
natural to consider back-calculation based on deaths among persons with AIDS diagnosed3 or
on the estimated incidence of AIDS-OIs.8 There are problems with either alternative approach.
The expansion of the surveillance definition in 1993 caused two artifacts in AIDS surveillance
data: recorded deaths now include some deaths before AIDS-OIs are diagnosed, and estimated
AIDS-OI incidence increased relatively rapidly during 1991—1992.8 In addition, the number of
deaths among persons with AIDS diagnosed began to fall dramatically during 1996, most likely
as a result of therapeutic advances,17 and widespread use of protease inhibitors beginning in 1996
is likely to affect both AIDS incidence and deaths. The effects of recent therapeutic advances
would need to be modelled in order to use recent surveillance data in back-calculation, but the
required estimates are not likely to be available soon.

As a results of these problems, estimating HIV prevalence will be even more challenging in the
future. Obtaining reliable estimates will require that data of high quality continue to be available
from epidemiologic studies and surveillance systems. Because each method for estimating HIV
prevalence produces an estimate that has substantial uncertainty and that must be corrected for
bias, reliable estimates can be obtained only by synthesizing the estimates from several proced-
ures and by considering relevant epidemiologic data.
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